Purpose: Evaluate the relationship between metastatic potential of prostatic adenocarcinoma (PC) and testicular Leydig cell density.
Introduction
Development and physiological maintenance of prostate require androgens [1] [2] [3] [4] [5] . Clinical and experimental evidence indicates that in some prostate adenocarcinomas (PC), tumor progression requires testosterone or its principal functional metabolite, dihydrotestosterone (DHT) [6] [7] [8] [9] [10] [11] [12] . In human, testicular Leydig cells, in response to luteinizing hormone stimulation, are the primary source of endogenous androgens [13, 14] while adrenals are the minor producers. Based primarily on these observations, therapeutic orchiectomy and chemical anti-androgen therapy, in addition to prostatectomy, are some of the treatment modalities in the clinical management of PC. A correlative analysis of Leydig cell density with PC metastatic potential however has not been comprehensively studied, although PC was shown to have significantly lower values of 5 α-reductase and DHT concentrations as compared to benign prostatic hypertrophy [15] .
In this report we describe the relationship between Leydig cell density and PC clinical behavior or metastatic potential.
Materials and methods
The Leydig cell density was determined by direct microscopic morphological enumeration on the orchiectomy specimens from 111 patients with biopsy proven PC. The patients were divided into two groups at time of orchiectomy: Group A, PCs with distant metastasis, 36 cases, and Group B, PCs without metastasis, 75 cases. In our institutes, bilateral orchiectomies, in some selected cases, were performed for therapeutic deprivation of endogenous androgen for PC patients, with or without metastasis. Testes from thirty-eight age-compatible (52-85 years old) autopsy cases who died of unrelated causes served as normal controls. Cases with known underlying causes that affected testis were excluded from the control group. Leydig cell density was expressed as cell count/0.78 mm 2 (approximately equals to an area viewed under a 200× resolution, using a microscopy with standard 10× eyepiece and 20× objective lens, means of enumeration on five different microscopic fields in one routine paraffin-embedded H&E stained tissue section of each case were obtained. The means of four pathologists who independently enumerated the Leydig cell density on different sections from the same case were calculated and the data thus obtained were recorded and analyzed by two-tail Student's ttest, using a computer program (Sigma Plot, SPSS, Inc., Chicago, IL). The frequency distribution of the data were found approximately normal with continuous variable within the finite range and thus could be empirically analyzed by the distribution of Student's t. Inter-observer variation was analyzed similarly.
Results
The mean of Leydig cell density in Group A patients was 14 were however not significantly different (p > 0.757). The inter-observer variation was not significant (p > 0.95).
The testes obtained from postmortem examination of patients who died from causes other than prostatic carcinoma could be divided into 4 groups according to age: Group 1: age 52-60, 6 patients, Group 2: age 61-70, 18 patients, Group 3: age 71-80, 10 patients and Group 4: age 81-85, 4 patients. The causes of death of this control group varied from acute myocardial infarct (9 cases), atherosclerotic cardiovascular disease with congestive heart failure (5 cases), squamous cell carcinoma of lung (8 cases), adenocarcinoma of colon with metastasis (6 cases), aspiration pneumonia (5 cases), malignant lymphomas (diffuse high grade B cell, 1 case) and cerebrovascular accidents (4 cases). These diseases were a fairly typical representation for causes of death in our institutes. Table 1 summarized the number of patients in each age groups studied. larger number of patients is required to draw a statistically satisfactory conclusion. From the p-values, significant difference is noted between control and PC with metastasis in each age group. The p-value between control and PC cases without metastasis however reveals no statistical significant difference. It appears that the Leydig cell density displays a slight decline in non-PC controls as patients aged. However, by linear correlative regression analysis (Sigma Plot), Leydig cell density and age distribution within these 38 control patients was r = −0.6406 (×1), suggesting that a slight negative slope presents but that may not be statistically significant as linear.
From data presented, it appears that PC patients can be best grouped into two major groups as based on the testicular Leydig cell density. Group A, PC patients with low Leydig cell density and high incidence of metastasis, and Group B, PC patients with high or normal range Leydig cell density and low incidence of metastasis. The difference of Leydig cell density observed between these two groups was age independent since no statistically significant age difference was observed between these two groups. Histogram of the distribution of means of Leydig cell count per 0.78 mm 2 is presented in Fig. 1 . Representative photomicrographs of testes with low (Group A) and high (Group B) Leydig cells are presented as Fig. 2 . Number of patients in each age group is tabulated in Table 1 . The mean Leydig cell density of each age group is presented in Table 2 . In this study, correlative analysis between Gleason's morphological grade and Leydig cell density was not performed. However, of the 36 cases with distant metastases, 28 cases have a combined score 7 or higher than 7, and 8 cases have a combined score ranged from 4 to 6, as evaluated from the tumors at the primary site.
Discussion
The results were unexpected in view that the majority of prostate adenocarcinoma is known to be androgen dependent. Higher level of in vivo available endogenous androgens is expected to promote PC cell proliferation and enhancing metastatic potential. Since Leydig cells are the major source of endogenous androgens production, individuals with decreased number of morphologically identifiable Leydig cells would suggest reduced available endogenous androgens which was however not quantitatively measured in this study. We however observed that the group of patients with metastatic adenocarcinoma of prostate has a significantly lower Leydig cell density than that of the non-metastatic group or normal control group while no significant differences were found between the non-metastatic group and normal control group. This observation suggests that prostatic carcinoma with metastatic potential may require different level of androgen for growth or is androgen-independent. This possibility is supported by a recently published experimental observation that human prostate tumor growth in athymic mice was inhibited by androgens whereas the cell proliferation was stimulated by finasteride [21] .
The number of Leydig cells decreases with age but age is only one of the factors accounting for the attrition of Leydig cells in aging men [16] . In our series, age apparently was not a causative contributory factor for the observed reduced Leydig cell density in patients with metastatic prostatic carcinomas, since the p-value between each of the age group of patients with prostatic carcinoma but without metastasis and corresponding control age group was not statistically significant, and the correlation coefficient of Leydig cell number vs. age is only about 0.22. Previous studies suggested that androgen deprivation induces apoptosis of normal prostatic acinic epithelial cells [17, 18] but androgen deprivation therapy could increase tumor grade, and reduce nuclear and nucleolar size [19, 20] . It is however, not certain that these biological and morphological alterations would enhance PC metastatic potential.
We present the data here merely as reporting a not previously described observation. In view of such strong correlation between Leydig cell density and PC with or without distant metastasis, a working hypothesis presumably should be postulated. We therefore hypothesized that the mechanism for the inception of prostatic carcinoma and attrition of Leydig cell in patients with prostatic carcinoma are two unrelated events. When both independent events occur, a subpopulation of tumor cells that requires lower level of androgen for growth or is androgen-independent may acquire a selective advantage over other tumor cells that possess no metastatic potential but require higher level of androgen for growth within the prostate gland. Other possible mechanisms including mutation in androgen receptors in the subpopulation with metastatic potential, different level of expression of estrogen receptor beta (ER-beta) [22, 23] in the tumor cells and possibly nutritional factors. Nutritional aspect is somewhat difficult to document since most PC cases with metastases are not nutritionally deficient by clinical parameters, such as body weight and measurement of postmortem subcutaneous fat layer thickness. In the control group studied in this reported, patients with advanced colon adenocarcinoma and lung carcinoma displayed no evidence of statistically significant reduction of testicular Leydig cells density as compared with compatible age group. Furthermore, the possibility that the PC with metastatic potential may express factor(s) that is suppressing either the function or the release of luteinizing hormone in vivo may also need to be studied.
